National airlines operate in a highly competitive environment. EU airlines face a challenge to compete with low cost carriers, as a result of the liberalization process in the sector. European flag airlines of non-EU member states, not benefiting from liberalization, are forced to compete internationally. This research is focused on national carriers, as they provide the majority of service to and from central and regional airports. Therefore, to establish the most efficient entities on the passenger air transport market, DEA (Data Envelopment Analysis) methodology, has been utilized. The purpose of this paper is to evaluate the effectiveness of 29 chosen national airlines in Europe in the year 2013, using the DEA approach, to pinpoint the subset of fully-efficient market leaders, as well as potential sources of inefficiency, among less effective carriers. The analysis incorporates information on inputs (e.g. fleet, number of employees, number of countries and airports served) and outputs (revenue, annual passengers carried, load factor). The results show that more than 40% (12 of 29) researched airlines are effective and the other 34% are near-efficient. Moreover, outcomes suggest that "going big" may not increase effectiveness. It is harder to achieve full efficiency for big carriers than small ones.
Introduction
Air transport is the fastest mode of transportation and is considered to be a pillar of globalization, enabling economic development. It can facilitate the economic progress of a country, a region and local economy or a particular industry, such as tourism. A lack of air transport can hinder growth (Button, 2008) . The aviation industry employs a large number of people and many more in support industries, such as hotels, restaurants, rental cars, real estate, construction and manufacturing. Many benefit economically from the air transport sector, without using their services, as a positive external effect (Wensveen, 2011) . This paper is focused on national airlines (also known as flag carriers, registered in a given state) in Europe -the EU and non-EU members. Flag carriers in the European Union operate in a highly competitive market, following liberalization in [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] . As a consequence of the liberalization process every carrier having a license to offer air transport services to passengers, issued by any of the Member States, can fly on any route and offer any price of the service within the rules of free, fair and undisturbed competition (Button, 2001 , Pisarek, 2009 ). National entities from non-EU countries, still benefiting from bilateral agreements, have to face the challenge of searching competitive advantage (Fitzgerald, 2011) . Therefore, to establish the most efficient entities on the European passenger air transport market, DEA (Data Envelopment Analysis) methodology has been utilized. The DEA approach allows one to discriminate between homogeneous decision making units (or DMU's) -defined as the national passenger air carriers in Europe -based on their relative technical effectiveness. The aim of the research is to assess the effectiveness of 29 national air passenger carriers in Europe in the year 2013, by the DEA approach. Data were obtained from financial reports and statistics available on airline web sites, particularly in publications for investors. Calculations were performed in STATA software.
Literature review
European national airlines operate in a highly competitive environment and face the challenge of achieving effectiveness, in the struggle for higher revenue and profits. From the point of view of transport economics (Spurling, 2010) , one can observe relatively high fixed costs in the airline industry and economies of scale. It is crucial, to rationalize fleet utilization and employment, to achieve the highest possible load factor of planes, by serving more passengers.
Airlines benefit from the economy of scale (Button, 2010) , economy of scope (Ben-Akiva, 2008) , economy of density (Vasigh, Tacker, Fleming, 2008) and capacity utilization (Jara-Diaz, Cortez, Moralez, 2013).
Since the measuring and improving of effectiveness in air transportation is an important issue, many researchers have incorporated the data envelopment approach. The DEA methodology is commonly used to assess airport efficiency. Adler and Berechman (2001) used the DEA approach to prove that West-European airports efficiency and quality are key factors airlines use in choosing hubs. Gutierrez and Lozano (2016) investigated the operational efficiency of 21 small and medium sized airports (SMAs) located in 10 different European countries. The results show that publicly owned SMAs have higher efficiencies than those that are privately owned and hub SMAs are more efficient than non-hub SMAs. Adler and Golany (2001) also proved the importance, or even super-efficiency, of hub airports by measuring the efficiency of some European airports under the effects of deregulation in air transportation.
Country-specific research has been carried out as well. An analysis of 21 Turkish airports suggested that the efficiency of most of them improved during the years 2009-2014, while operating hours and the percentage of international traffic were the main causes for inefficiency (Örkcü, Balıkçı, Dogan, Genç, 2016) . In Nigeria an analysis of 30 airports ' efficiency (2003-2013) indicated that they have the ability to learn with their own managerial practices (Wanke, Barros, Nwaogbe, 2016) . Fernandes and Pacheco (2002) performed a DEA analysis of 35 Brazilian domestic airports, comparing their passenger capacity to demand forecasts. Gillen and Lall (1997; see also Gillen, Waters II, 1997) used DEA not for the operation of whole airports. They limited their research to terminals and airside operations. Their research shows that status as a hub airline and expanded gate capacity improves efficiency, while terminal efficiency grows with the number and utilization of gates. Liu (2016) Researchers decided to use DEA to analyse the efficiency of airlines. Duygun, Prior, Shaban, and Tortosa-Ausina (2016) tried to assess the influence of recent deregulation and liberalization of air transportation in Europe. Their results show that customer satisfaction, cost minimization and efficient route systems are key factors for airlines. Chou, Lee, Chen, and Tsai (2016) researched the airline efficiency of 35 carriers divided into 2 regions, AsiaPacific and North America/Europe. The DEA approach has shown that airlines should put more focus on the reduction of input resources for productivity improvement. Generally, airlines in the Asia-Pacific area perform much better than those in N. America/Europe, due to technical efficiency and service effectiveness. Min and Joo (2016) used the research to measure airline alliances effectiveness. Airline strategic alliances are generally perceived to be a major driver in enhancing operating efficiency and subsequent competitiveness. However, the research did not prove that hypothesis. Most researchers combine passenger traffic and cargo transportation of all available airlines. In this paper, we have tried to extract only the efficiency of passenger transportation of European flag carriers.
Data
To measure the efficiency of national airlines 6 variables were chosen, three inputs Generally, the statistical analysis indicates that national airlines in Europe are diverse.
Some are small (with low inputs and low outputs): Cyprus Airways, Estonian Air, Air Malta, Adria Airways, and Bulgaria Air. Others generate very high outputs by using high inputs, such as: Lufthansa, Turkish Airlines, British Airways, KLM, and SWISS. This does not allow for passing judgment about the effectiveness of these airlines. However, the magnitude of each and all variables may be decisive while assessing effectiveness (as shown in Tables 1 and 2 ). Tables 1 and 2 ).
Number of employees
The mean number of employees equals 8,576, while 50% of airlines have no more than 3,160 personnel. The variation is even higher then with the number of planes -136% of the mean. The least employees are in Estonian Air, while the most are in British Airways (41,475).
Number of destinations (airports)
The average number of airports served by each airline is 86.3, while half of carriers fly to no more than 78. The dispersion is 75%. The smallest number of destinations is visited by Cyprus Airways and the most is in the Turkish Airlines (as show in Tables 1 and 2 ).
Total revenue
On the average, each airline generates a profit of 4,090.9 million USD a year, but half of carriers do not exceed 1,300 million USD. The standard deviation equals 159% of the mean.
The smallest revenue was noted in Estonian Air and the highest profits in KLM (as show in Tables 1 and 2) .
Passengers
Every year each airline transports 12.9 million people, 50% of the analysed airlines take on-board 5.9 million people. The dispersion was 131%. The least passengers are clients of Estonian Air and the most in Lufthansa (as show in Tables 1 and 2 ).
Load factor
The mean and median differ only slightly (mean 74.8%, median 75.3%), while the variation is very small (compared to other variables) -6%. The smallest load factor was in TAROM and the highest in KLM (as show in Tables 1 and 2 ). 
Method
Data Envelopment Analysis (DEA) is a multidimensional nonparametric optimization approach that has become a popular analytical tool for the quantitative valuation of efficiency of organizations, in both the private and public sector. The basic concept of DEA assumes the existence of a production possibility frontier or efficiency frontier and calculates the quantitative distance between the input position of a given DMU (decision making unit) and the frontier (for input oriented approach) or output position to the frontier (for output oriented models), (Kourtit, Nijkamp, 2013; Toloo, Nalchigar, 2009 ). The efficiency is relative, as it is based on a comparison between DMU, chosen for the analysis. Each object is described by multiple inputs and outputs (Suzuk, Nijkamp, 2011; Appa, Williams, 2002; Lee, Worthington, 2016) .
The combination of inputs and outputs of all DMUs allows for drawing a multidimensional effectiveness (efficiency) frontier, based on objects that are fully effective with their linear combinations (Farrell, 1957) . For every DMU an efficiency coefficient θ is calculated, if its value is (Suzuki, Nijkamp, Rietveld, 2011) :
-equal to 100% -100% of the resources are fully used and transformed into outputs -DMU is efficient and on the frontier, -less than 100% (for input oriented models) or larger than 100% (for output oriented models) -DMUs are inefficient and part of the inputs are being wasted and/or part of the outputs which could be produced, is not.
Results of the DEA approach indicate which changes (ceteris paribus) should be employed to achieve the full 'production' potential. If the DEA analysis relative to technical efficiency for 
, rk ik µ ϑ -parameters (weights, multipliers) calculated to maximize the efficiency. 
(for more see Charnes, Cooper, Rhodes, 1978; Suzuk, Nijkamp, 2011; Domagała, 2007) .
Moving or projecting an inefficient DMU toward the frontier by the transformation of 5 or 6 (depending on model orientation) using the efficiency coefficient θ and vectors of slacks and surpluses should allow for achieving the efficiency frontier (Kourtit, Nijkamp, 2013; Toloo, Nalchigar, 2009; Sherman, Zhu, 2006) .
The idea of the classic DEA approach is the recipe for an instantaneous improvement, hidden in formulas 5 and 6. However, in some cases the calculated change needed for 'moving'
an object to the frontier is very drastic, for example reducing all inputs by 50%. This is rarely possible in real conditions, for any decision making. Therefore, some modifications of the basic DEA model have been introduced. CD DEA is one of those alternations. Context-Dependent (Stepwise improvement) DEA assumes, that a small improvement is better than none. It divides the set of DMUs not only into two subsets: efficient (laying on the efficiency frontier) and inefficiency (off the frontier). It draws several frontiers, each constructed on different objects.
The first frontier is the same one, as in the classic approach, based on the fully effective DMUs.
The second (below the first), ignores objects on the first level and uses DMUs with slightly inferior technical effectiveness. The third incorporates even worse objects and so on. In this approach the goal is to improve inefficient DMUs, by moving them to an upper level, not necessary the top level, with full efficiency (Seiford, Zhu, 2003; Suzuk, Nijkamp, 2011) . In this paper both, the classic and Context-Dependent, have been used.
Results
To analyse the relative technical effectiveness (or efficiency) of national carriers (29 DMUs) in Europe, 2 models were employed: (classic) DEA and CD DEA (Context-Dependent, Stepwise improvement DEA). Both models are input oriented, as inputs are easier to modify by decision makers than the outputs. The remaining 17 "waste" some of their inputs, and in some cases underachieve their outcomes.
Using formula 5, for instance, for LOT Polish Airlines, on original input and output values (see Table 2 ) and DEA results (see Table 3 ), the projected point on the efficiency frontier may be calculated, as follows: British Airways. Its value of 81% was too low and although it would not be possible to increase it by 61.6 p.p. reaching more than 100%, some improvement in this aspect of outputs should be considered. The annual number of passengers served, was satisfactory for all carriers (as shown in Table 3 ).
In all inefficient Using Context Dependent DEA models, there are 4 levels of efficiency frontiers, among 29 national airlines in Europe. The first level, with fully efficient carriers, is the same as in the classic DEA. The second encompasses 10 airlines, some with very high results of the classic DEA -LOT Polish Airlines, Czech Airlines, Air Malta, and Croatia Airlines -but also much less effective ones -Icelandair or Bulgaria Air. Table 4 ). 
Conclusions
Air transportation and passenger flag carriers influence economic development. They employ vasts numbers of people, which has a direct connection to labour market and indirect income effects on the economy. Moreover, evadible destinations, their number and directions, will have an impact on stimulating or hindering the attractiveness of regions for business and tourism. Political and economic circumstances will influence demand for travelling, associated services, both for business and leisure purposes. Some events, like an economic crisis, war, terrorism, epidemics, or embargoes will affect the demand side, but also the procedures and functioning of airlines.
The DEA analysis shows, that more than 40% (12 of 29) of the researched airlines, are effective and another 34% (10 of 29) are near-efficient. Moreover, results suggest that "going big" may not increase effectiveness. It is harder to achieve full efficiency for big carriers, than small ones. This stands in opposition to regional policies and the interests of increasing employment, as well as tourism and business attractiveness. In the end, national airlines are companies existing on a free market, with limited resources. If the inefficient airlines decide to improve, they will most likely be forced to reduce their inputs. This course has been confirmed by both the classic DEA and CD DEA approach.
